The high quality magnetic fluid thin film subjected to a perpendicular field, a separation of nano-particles from the liquid matrix will occur, leading to a phase transition with a phase that is concentrated in particles separating from a dilute phase.
Introduction
There has been considerable interest in two-dimensional (2D) melting both in theoretical and experimental condensed matter physics [1, 2] , since Kosterlitz and Thouless (KT) constructed an elegant phase transition theory in two-dimensional systems [3] . They claim that the 2D XY model provides an unusual type of phase transition driving by vortices. The KT transition of superfluidity in two dimensions is the unbinding of vortex pairs of dilute gas. This novel transition is topological defect-mediated melting, and can be continuous. Subsequently, Halperin, Nelson [4, 5] and Young [6] have extended the ideas of the KT mechanism to the 2D melting problem in contrast to the conventional order-disorder phase transition. They The melting of a 2D crystal transits into hexatic phase, which is driven by the breakup of thermally generated bound dislocation pairs at a temperature T m . Then the increase of the density of free dislocations above T m will result in an exponential decay of the translational order parameter. However, the orientation order persists, in the sense the BOO decays only algebraically and displays QLRO. Such transition is a continuous phase transition. Subsequently, the spontaneous breakup of free dislocations into their constituent disclinations will drive a second continuous transition to an isotropic fluid from the intermediate hexatic phase. Experimental systems for studying the novel KTHNY 2D melting theory have been explored by some researchers. These include electrons on helium [7] , noble gases physisorbed on substrates [8] , liquid crystals [9] , polystyrene colloids [10] , magnetic bubble arrays [11] , and vortex arrays in high temperature superconductors [12] .
In this study we find an artificial 2D lattices for the 2D melting study, which is made of magnetic fluid. When a field is applied to the thin film of high-quality magnetic fluid perpendicularly, the nano-particles will separate from the liquid matrix. We observe a phase that is concentrated in particles separates from a dilute phase. The concentrated phase makes up the cylindrical columns. The columns can form 2D lattices in an appropriate range of applied fields [13] . We explore these lattices composed of columns with microscope and pick up images with CCD. The melting evolution of the 2D lattice is explored by varying the applied field. We find that the transition from the high-field phase characterized by bond -orientation lo ng-range order to a low-field disordered phase can imitate that of the low-temperature ordered phase to a high-temperature disordered phase. We examine the digitized image of extraordinary lattices of the novel mesoscopic 2D system.
Making analysis of the ordering of these extraordinary lattices with translational and bond -orientation correlation functions, we demonstrate the phenomena of the exotic two-dimensional melting theory in this study.
Experiments and Analysis
Magnetic fluids typically consist of colloidal magnetic particles, dispersed in a continuous carrier phase [14, 15, 16, 17] . The average diameter of the dispersed particles ranges between 5-10 nm. The co-precipitation technique let the magnetic particles coated with a surfactant layer. The steric repulsion of surfactant coats makes the suspensions homogeneous. The magnetic fluid displays soft magnetic behavior as applied magnetic fields. Its magnetization is 8.2 emu/g. The magnetic fluid sample is sealed in a rectangular glass cell of 6 m thickness to form thin film.
And the sample keeps in room temperature. The applied perpendicular magnetic fields are generated by Helmholtz coils , which are cooled by circulating water in copper tube. The magnetic field is uniform, because the microscope observation limits the exploration in a small region of the film. The dispersed particles attract or repel one another through dipolar interaction depending on their positions. In the absence of an external magnetic field, thermal energy leads the particles in Brownian motion. Whereas, with application of an external magnetic field, the magnetic particles tends to align with the field, partially overcoming the thermal agitation. As the field reaches some critical point, the violation of thermodynamically stability occurs and the condensation initiates. The concentrated magnetic particles aggregates come into droplet form. Both the size and the number of the droplet tend to increase with the magnitude of the applied field at this stage. As we intensify the magnetic field furthermore, the larger droplet aggregates split into parts of appropriate size due to the repulsive force among parallel domains is getting significant, and the surface tension is unable to bundle them together. In an intense magnetic field, the droplet aggregates divides into similar-sized columns that have similar magnitude of magnetic moment. The size of the column, and the separation between columns depend on the magnitude of the applied terminal magnetic field, the raisin g rate of the field, and the concentration of the magnetic particles in the fluid, etc. [18] .
Through the dipolar interaction among columns, the columnar lattices of high quality magnetic fluid in a thin film subjected to perpendicular magnetic fields can form 2D lattices. The disordered pattern will appear at lower magnetic fields first, and will arranged to be ordered 2D hexagonal lattices at higher fields. Patterns are visualized with an Olympus transmission microscope. CCD images are digitized with a threshold chosen to render the pattern faithfully recorded . They display high contrast black and white images. Digital images can be used to locate the center of each magnetic column.
In order to analyze the 2D lattice of the system, we use the digital data to calculate both translational and bond-orientation correlation functions [19] . The translational correlation function, G(r), is defined as the possibility of finding another point at relative distance r apart and can be written as: 
Results and discussion
We acquire the image of the thin film of magnetic fluid subjected to a perpendicular magnetic field. Figure 1 Shown in Figure 5 is the evolution of translational correlation functions G(r) of 170, 130, 120, 110 and 100 Oes. Series variation is presented. Shown in Figure 6 is the evolution of bond-orientation correlation functions correlation function. The quantitative measurements reveal the following features of the transition. In a narrow range of magnetic fields, the correlation length and falls from a value comparable to the size of the system to a small value of lattice spacing. In the transition from the high field phases characterized by constant bond -orientation correlation function to a low-field disordered phase, the long-range orientation order in the lattice decreases substantially. Examining the algebraic fitting of the bond-orientation correlation function, we find the power-law exponent shows abrupt increase and at 120 Oe passes through 1/4, which is the theoretical threshold for 2D melting. The analysis ascertains the exotic 2D melting phenomena in the artificial mesoscopic lattices of magnetic thin films in this study. 
